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Abstract Introduction Microsatellite instability (MSI), resulting from defects in the DNA
mismatch repair (MMR) system, is one of the major molecular pathways involved in
the pathogenesis of endometrial carcinoma. Immunohistochemistry (IHC) for MMR
proteins serves as a practical and cost-effective method for identifying MSI and
screening patients for Lynch syndrome.
Objectives To determine the prevalence of MMR deficiency/MSI in endometrial
carcinoma using immunohistochemistry and to correlate the findings with various
histopathological parameters.
Materials and Methods A total of 114 cases of endometrial carcinoma were
evaluated. Immunohistochemical expression of the MMR proteins PMS2, MLH1,
MSH2, and MSH6 was assessed using the Dako EnVision FLEX system on formalin-
fixed, paraffin-embedded tumor tissue sections. The frequency and pattern of MMR
protein loss were analyzed and correlated with histological subtypes.
Results Among the 114 cases studied, themajority were endometrioid carcinomas (n
= 93, 81.6%), followed by serous carcinomas (n = 12, 10.5%), carcinosarcomas (n = 5,
4.4%), dedifferentiated uterine carcinomas (n = 3, 2.6%), and clear cell carcinoma (n =
1, 0.9%). MMR deficiency was identified in 21 cases (18%). Of these, 20 cases were of
the endometrioid subtype and 1 case was a dedifferentiated uterine carcinoma. Loss of
MMR protein expression occurred in paired patterns, involving either PMS2/MLH1 or
MSH2/MSH6.
Conclusion MMR deficiency/MSI is present in a significant proportion of endometrial
carcinomas, particularly those of the endometrioid subtype. Immunohistochemical
evaluation of MMR proteins is a highly sensitive and cost-effective alternative to
molecular MSI testing and serves as an effective screening tool for Lynch syndrome.
Routine MMR testing should be offered to all patients with endometrial carcinoma.
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Introduction

With 417,367 (2.2% of all cancer cases) new cases diagnosed
globally in 2020 and 97,370 recorded deaths, endometrial
cancer is the sixthmost common cancer inwomen.1 In India,
endometrioid cancer is the 22nd most commonly detected
malignancy, with approximately 16,413 new cases (1.2%)
reported in 2020, according to Globocan data.2 It is among
the five most common malignancies detected in females in
the Indian population.3

According to theWorldHealth Organization classification,
endometrial carcinomas can be histologically classified as
endometrioid carcinoma, serous carcinoma, clear cell carci-
noma, undifferentiated and dedifferentiated carcinomas,
carcinosarcomas, and others.4 Recent advancements in our
understanding of the molecular biology of tumor cells have
led to the advocacy for the inclusion of molecular character-
istics in both the classification and risk stratification of
Endometrial Carcinoma (EC). This is because molecular
characteristics can provide a more accurate understanding
of the biological behavior of a patient’s disease, which can
lead to improved treatment decisions. In a seminal paper
published by The Cancer Genome Atlas (TCGA) in 2013, it
classified endometrial cancers into four major genomic
subtypes: (1) POLE (DNA polymerase ε) ultramutated, (2)
hypermutated/microsatellite unstable (microsatellite insta-
bility [MSI]), (3) copy number low/microsatellite stable
group, and (4) copy number high (serous-like) group.5

Numerous genes linked to cancer have been examined in
endometrial carcinoma, of which the molecular phenotype
known asMSI has drawn a lot of focus. Endometrial cancer is
the most common cancer known to be associated with MSI
after colorectal cancer.6 MSI is the accumulation of mis-
matches, insertions, and deletions in repeated nucleotide
sequences due to defects in DNA mismatch repair (MMR).
MMR is a crucial cellular defense system that rectifies any
DNA alterations produced during DNA replication. MSI is the
hallmark of a defective MMR system. DNA MMR system in
patients that display MSI can be inactivated either by (1)
germline mutations found in Lynch syndrome amounting to
2 to 3% of endometrial cancers or (2) somatic promoter
hypermethylation and silencing of MLH1 observed in 20%
of sporadic endometrial cancers.7–9 Regardless of the under-
lying mechanism, the inactivation of the DNA MMR system
leads to an increased mutation rate, which contributes to
tumorigenesis. The majority of MSI in endometrial and
colorectal cancers is caused by defects in DNA MMR genes,
mainly MLH1, MSH2, MSH6, and PMS2.9 Loss of function of
MMR protein MLH1 due to methylation of the MLH1 gene
promoter, seen more commonly in sporadic tumors, and
thus also loss of its binding partner PMS2, can be detected as
a loss of expression of these proteins by immunohistochemi-
cal (IHC).10

As per the recommendations of National Comprehensive
Cancer Network, all newly diagnosed ECs patients should be
tested for loss of MMR function via IHC and/or MSI analysis
independent of the clinical criteria.11 IHC screening for MMR
proteins is a relativelyaffordablealternative andcanguarantee

sensitivity and specificity at the same time. MMR proteins
exist in heterodimers viz, PMS2 dimerizes with MLH1 and
MSH2 dimerizeswithMSH6. This explains the concurrent loss
of either PMS2 and MLH1 or MSH2 and MSH6 in ECs.12

The tumors with MSI have a high incidence of somatic
mutations that results in the production of proteins with
new immunogenicity. The host immune system responds to
these new antigens by excessive peritumoral T-cell infiltra-
tion.13 Cancer cells circumvent the host immunological
response by activating pathways that inhibit T-cell activation
(cytotoxic T-lymphocyte–associated antigen and pro-
grammed cell death ligand 1).14 This principle forms the
basis for the use of immune checkpoint inhibitors as poten-
tial therapeutic agents in tumors with MSI. A phase 2 study
was conducted by Le et al to evaluate the clinical activity of
the anti-PD 1 drug, pembrolizumab, in tumors with MMR
that included colorectal as well as noncolorectal tumors
demonstrated the importance of MMR status in predicting
the clinical benefit of immune checkpoint blockade with
pembrolizumab.15

Dostarlimab, an anti-PD 1 drug, was used singularly by
Cercek et al to treat MMR-deficient (dMMR), locally pro-
gressed rectal cancer. They observed that this tumor was
extremely sensitive to PD 1 inhibition.16 Thus,MSI analysis is
also a predictive biomarker for the therapeutic efficacy of
anti-PD ligand antibodies.13 According to the College of
American Pathologists guidelines for MMR and MSI testing,
which were recently endorsed by the American Society of
Clinical Oncology, immunohistochemistry for MMR proteins
is preferred overMSI testing by polymerase chain reaction or
next-generation sequencing for the identification of DNA
MMR defects in patients with endometrial cancer who are
being considered for immune checkpoint inhibitors.17

In this study,weevaluated theendometrial cancers for their
expression of MMR proteins by IHC and correlated their MMR
status with age and various histopathological parameters.

Materials and Methods

This study was conducted in a tertiary hospital in western
part of India between June 2018 and June 2020 to survey the
prevalence of MMR protein deficiency using immunohis-
tochemistry in the hysterectomy specimens of endometrial
cancers. The patient data were obtained from the electronic
database of the hospital records as well as the departmental
register of histopathological specimens received in the lab.
This study included only the cases for which a complete
assessment of pathological parameters and staging was
available. In addition, cases that had received presurgical
neoadjuvant therapy were excluded from this study

Immunohistochemistry testing for the four MMR pro-
teins: MSH2 (clone FE11), MSH6 (clone EP49), PMS2 (clone
EP51), and MLH1 (clone ES05) was done on 114 endometrial
cancer cases. Testing was done on the endometrial cancer
tumor tissue paraffin blocks of hysterectomy specimens
using the Dako EnVision FLEX system. The complete absence
of nuclear staining with a positive internal control was
considered a loss of nuclear expression of an MMR protein.
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Tumor with loss of nuclear expression of any MMR protein
was regarded as dMMR; tumor cells with intact nuclear
expression of all four MMR proteins were regarded as
MMR-proficient (►Fig. 1).

The sample size was calculated using formula: n¼p
(1�p) [(zαþ z1�β)/(p�p0)]2, where n is the sample size,
p¼0.52 (52% prevalence of MSI-H in endometrial cancer
patients), α is Type I error¼5%; zα¼1.96 two-sided, zα
¼1.64 one-sided, β is Type II error, 1�β is power; z1–
β¼0.84 for 1–β¼80%, effect size¼ (p�p0)¼�0.13 (13%).

Statistical Package for the Social Sciences (SPSS Inc. 233,
Chicago, Illinois, United States) software was used for statis-
tical analysis. Unpaired Student’s t-test was used for quanti-
tative data and a χ2 test was used for categorical variables
with more than two; p-values from Fisher’s exact test are
presented where appropriate due to small counts.

This study was reviewed and approved by the Institutional
Ethical Committee at the meeting held on December 28, 2018
(Number: DNB_2018_PATH_005) and adhered to the tenets of
the Declaration of Helsinki. The patient’s consent was waived
by the Institutional Committee.

Results

The findings of our study, which analyzed 114 endometrial
cancer specimens for expression of MMR proteins and its
relationship to various histopathological parameters and
age, are summarized in ►Table 1. The average age of the
study population was 62 years (range: 36–91 years). Among

these, 9 patients were less than or equal to 50 years of age at
the time of diagnosis, whereas the rest were more than
50 years old. A strong correlation was found between
dMMR and age greater than 50 years (p¼0.016). On histo-
logic subtyping, endometrioid carcinoma accounted for the
majority of cases (93 cases, 81.6%). These tumors were
graded as per the International Federation of Gynecology
and Obstetrics (FIGO) criteria. Nonendometrioid carcino-
mas, except for mucinous carcinomas, are conventionally
considered high grade. Out of the 93 endometrioid cancer
cases found, 69 were Grade 1, 16 were Grade 2, and 8 were
Grade 3.

On IHC analysis forMMRproteins, it was found that 21 out
of 114 cases (18.4%) of endometrial cancers were deficient
for MMR proteins (95% confidence interval [CI], 11.3–25.5%).

Twenty cases had a combined loss of PMS2 and MLH1,
whereas only one case had a combined loss of MSH2 and
MSH6. Tumors with a loss of only one MMR protein were not
present in our study. Furthermore, the histologic subtypes of
endometrioid cancer (n¼20) and dedifferentiated uterine
carcinoma (n¼1) accounted for all the dMMR cases. The
prevalence of MMR deficiency in endometrioid carcinomas
was 21.3%, with a 95% CI of 13.8 to 28.8%.

Eighty-five cases of low FIGO grade (Grades 1 and 2)
endometrioid carcinoma made up our study, whereas 29
cases were high grade, which combined both endometrioid
(n¼10) and nonendometrioid carcinoma (n¼19). A total of
16 low-grade and 5 high-grade cases with deficient MMR
expression were identified.

Fig. 1 H&E image of endometrioid carcinoma, FIGO grade 2 (A) with corresponding IHC for MMR proteins: There is loss of PMS2 (B) and MLH1 (C)
in the tumor nuclei and intact expression of MSH2 /MSH6 (D). H&E image of serous carcinoma with corresponding intact nuclear MMR protein
expression by IHC (F). FIGO, International Federation of Gynecology and Obstetrics; H&E, hematoxylin and eosin; IHC, immunohistochemical;
MMR, mismatch repair.
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Tumor invasion into greater than or equal to half the
myometrium was identified in 56 cases, of which 8 cases
showed deficient MMR expression. Tumors having less than
half or absence of invasion comprised 45 cases, of which 13
cases showed deficient MMR expression. We could not
establish any statistically significant relation between myo-
metrial invasion and MMR expression.

Subsequently, as per FIGO staging classification, 43% of the
cases were stage group IA (pT1a), 30.7% were stage IB (pT1b),
13.2% cases were stage group II (pT2), 4.4% were stage IIIA
(pT3a), 1.8% were stage IIIB (pT3b), and 2.6% caseswere stage
group IVB (pM1). Only four of the 21 patients with deficient
MMR expression were stage III or higher at the time of
diagnosis. We did not find any statistically significant asso-
ciation between dMMR protein expression and tumor stage
group, myometrial invasion, histologic grade, or morpholog-
ical subtype.

Discussion

The MSI phenotype continues to serve as the hallmark of
defectiveMMR. This is because germlinemutations inMLH1,
MSH2, MSH6, and PMS2 are responsible for genetic suscep-
tibility to colorectal cancer known as Lynch syndrome or
hereditary nonpolyposis colorectal cancer.18

The role of MSI as a marker for favorable prognosis has
been verywell established in colorectal cancers. However, its
role in endometrial cancers is yet to be ascertained. A meta-
analysis done by Raffone et al found that MSI is an unfavor-
able prognostic factor in early-stage EC, which otherwise has
a good prognosis. Paradoxically, MSI is an advantageous
prognostic factor in high-risk carcinomas, which typically
have a poor prognosis.19

In our study, the prevalence of MMR proteins deficiency
was found in 18% (21 out of 114) cases of endometrial cancers.
Twenty cases showed a concurrent loss of PMS2 and MLH1,
whereas only one case showed a concurrent loss of MSH2 and
MSH6. The prevalence of MMR deficiency ranged from 15 to

Table 1 Comparison between different parameters and expression of mismatch repair proteins

Number of cases (%) Retained expression
of all markers

Loss of MLH1/PMS2
expression

Loss of MSH2/MSH6
expression

Total p-Value

Histology diagnosis

Endometrioid carcinoma 73 (78.5%) 19 (20.43%) 1 (1.07%) 93

Serous carcinoma 12 (100%) 0 0 12 0.737

Clear cell carcinoma 1 (100%) 0 0 1

MMMT 5 (100%) 0 0 5

DDUC 2 (66.67%) 1 (33.33%) 0 3

FIGO stage

IA 38 (77.55%) 11 (22.45%) 0 49 0.094

IB 31 (88.57%) 4 (11.43%) 0 35

II 13 (86.67%) 2 (13.33%) 0 15

IIIA 5 (100%) 0 0 5

IIIB 1 (50%) 1 (50%) 0 2

IIIC1 2 (50%) 2 (50%) 1 5

IVB 3 (100%) 0 0 3

Grade

G1 58 (84.06%) 11 (15.94%) 0 69

G2 11 (68.75%) 4 (25%) 1 (6.25%) 16 0.071

G3 6 (60%) 4 (40%) 0 10

High 18 (94.73%) 1 (5.27%) 0 19

Myometrial invasion

< 1/2 or absent 45 (77.58%) 12 (20.69%) 1 (1.72%) 58 0.388

�1/2 48 (85.71%) 8 (14.28%) 0 56

Age (y)

�50 9 (69.23%) 3 (23.07%) 1 (7.7%) 13 0.016

> 50 84 (83.17%) 17 (16.83%) 0 101

Abbreviations: DDUC, dedifferentiated uterine carcinoma; FIGO, International Federation of Gynecology and Obstetrics; MMMT, malignant mixed
mullerian tumor (carcinosarcoma).
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30% invarious other studies.19–22 Themajority ofour cases (20
out of 21) with deficient MMR proteins were of endometrioid
carcinoma (20 cases) on histologic subtyping, of which 19
cases were deficient for PMS2 andMLH1, whereas only 1 case
showed deficient expression ofMSH2 andMSH6. A single case
of dedifferentiated carcinomawas deficient forMMRproteins.
Other studies conducted showed a statistically significant
association between MMR deficiency and endometrioid and
dedifferentiated/undifferentiated uterine carcinomas.20,21,23

Although we had similar observations, we could not establish
statistically significant conclusions (p¼0.737) as the number
of nonendometrioid cancerswas less.We foundno association
between the grade of tumor andMMR status, which is similar
to other studies.19–21Wewere unable to establish any statisti-
cally significant association betweenmyometrial invasion and
MMRdeficiency,whichhasbeen reported ina fewstudies.20,21

This difference in results could be due to a small sample size.
A comprehensive review and meta-analysis by Raffone

et al examined the diagnostic precision of MMR proteins IHC
as a stand-in for molecular testing for MSI in endometrial
malignancies, aswell as the possibility of using a panel of just
two MMR proteins to further reduce costs. They found IHC
for MMR proteins to be a highly reliable substitute for MSI
molecular testing (sensitivity of 0.96 and specificity of 0.95)
in endometrial cancer. They further proposed that the com-
bination of MSH6 and PMS2 may help to reduce costs while
maintaining diagnostic accuracy.19

Talhouk et al designed amolecular categorization system—

Proactive Molecular Risk Classifier for Endometrial Cancer—
based on the TCGA molecular subcategories and tested its
practicality and prognostic potential in ECs using immunohis-
tochemistry for theMMR and P53 proteins and POLE sequenc-
ing. Four prognostic subgroups were identified: dMMR, POLE,
p53 Wild Type (wt), and p53 Null/Missense Mutations (abn),
each of which had unique overall, disease-specific, and pro-
gression-free survival rates. Themost promising outcomewas
seen in tumorswith POLE exonuclease domainmutations, and
the worst prognosis was seen in tumors with p53 abn.24 Such
studies are required in the Indian population to assess biologi-
cal behavior and to improve clinical management and out-
comes. The advantages of IHC for MMR include its simplicity,
availability, and relatively lowercostcomparedwithmolecular
testing. Patterns of loss of MMR proteins can further help in
guiding the reflex molecular testing for MSI.19

The disadvantages of IHC for MMR proteins include inter-
observer variation in interpretation especially in cases with
heterogeneous staining patterns and false negativity (pro-
duction of nonfunctional protein which stains with MMR
IHC).19,25

Limitations
Clinical follow-up of the patients and its correlationwithMSI
status was not assessed.

Recommendations
A larger study with longer follow-upwill help to confirm the
relationship between the histology of endometrial carcino-
mas and MSI status.

Conclusion

MSI is one of the major molecular pathways contributing to
tumorigenesis in endometrial carcinomas. Immunohis-
tochemistry for MMR proteins is a highly sensitive and
cost-effective alternative for molecular testing for MSI. It is
also a tool for screening patients for Lynch syndrome. IHC
testing for MMR should be offered to all patients of endome-
trial cancers.
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